Large intensity fluctuations of light diffusing through random media originates from the interference of the multiply scattered waves . The resulting speckle pattern can be viewed as a fmgerprint of the disorder configuration of the medium and therefore is highly sensitive to scatterer motion . In the presence of a non linearity, the speckle may become instable as a result of the positive feedback provided by the scattering medium, even in absence of scatterer motion .
Large intensity fluctuations of light diffusing through random media originates from the interference of the multiply scattered waves . The resulting speckle pattern can be viewed as a fmgerprint of the disorder configuration of the medium and therefore is highly sensitive to scatterer motion . In the presence of a non linearity, the speckle may become instable as a result of the positive feedback provided by the scattering medium, even in absence of scatterer motion .
This instability was predicted for nonlinearities exceeding a certain threshold value and demonstrated by Skypetrov and Maynard [I] using a stationary self-consistent theory . Its experimental observation however has never been reported .
In this paper, we demonstrate speckle instability in a scattering two dimensional nonlinear disorder system. We consider a photorefractive liquid crystal light valve (LCLV), which combines a nematic liquid crystal (LC) layer with a thin monocrystalline photorefractive crystal (BSO) in the form of a cell wall [2] . A controlled random orientation of the LC layer is obtained by projecting the computer-generated random pattern of a spatial light modulator (SLM) onto the BSO film. The beam of a HeNe laser crossing the LCLV is transversely scattered by the randomly modulated nematic refractive index, as it bounces back and forth between the glass plates surrounding the LCLV, as shown in the figure. The nonlinearity is provided here by the reorientational Kerr effect of the LC. Above a threshold intensity, the HeNe speckle pattern starts to blink at a specific frequency . The threshold is found to be disorder dependent. At higher intensities, several frequencies appear and the instability eventually develops into chaos .
We confmn numerically the existence of a threshold and investigate the dynamical behavior of wave in nonlinear random media below and above threshold in the particular regime of very strong disorder, where interference effects may result in Anderson localization. In this regime where solutions of the wave equation are spatially localized, we show that the amplitude modulation observed in the speckle pattern in the presence of a Kerr nonlinearity results from the beating between the excitation frequency and the eigenfrequency of a localized mode of the random medium . The nonlinearity preferentially transfers the energy from the pump light into the localized modes of the system, which provide natural resonant cavities. This is analogous to random lasing, where the gain selects naturally the modes of the passive system [3] . when a computer-generated disordered pattern (shown in inset) is projected by the spatial light modulator on the photorefractive crystal of the valve.
